Purpose of Review Multiple factors influence the success and failure of teledermatology programs. We evaluate the current teledermatology literature using the Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM) framework developed for implementation research. We introduce this framework to encourage a thorough examination of teledermatology's implementation including its sustainability. In this way, programs can better realize teledermatology's promise for enhancing patients' access to expert dermatologic care in real-world healthcare settings. Recent Findings While teledermatology continues to expand throughout the world, barriers continue to exist. Many evaluations of teledermatology focus on the effectiveness of the programs, without examining other factors that underlie success. The use of implementation science enables researchers to better assess different factors influencing a program's success or failure. Summary Implementation science offers theories, frameworks, and methodologies to study and improve teledermatology's impact.
Introduction
With a limited dermatology workforce, teledermatology has been a growing area of telemedicine since the 1990s. No longer primarily in academia, teledermatology has penetrated all practice settings, with particular prominence in the United States (US) within the Department of Veterans Affairs (VA) and the military [1] . Teledermatology enables the transmission of a patient's clinical history and skin images to a dermatologist, who then provides a diagnosis and management plan. The teledermatology modalities are (1) store-and-forward, the most common modality in the US, which uses still photographic images that are typically evaluated by a dermatologist at a separate time and location from the patient's visit [2••] and (2) live interactive video conferencing, which enables realtime evaluation when the patient and dermatologist are in separate locations.
Research in teledermatology has validated its diagnostic accuracy and management effectiveness leading to clinical outcomes that are at least comparable to usual, in-person dermatologic care [3••] . However, in spite of teledermatology's clear benefits for broadly increasing access to dermatology care, its growth has not been uniform and discontinuation of programs frequently occurs [2••, 4] . While multiple factors contribute to the success of teledermatology, the high rate of program failures illustrates the need for systematic research of teledermatology's implementation and sustainability to understand how to fully realize teledermatology's promise for enhancing patients' access to expert dermatologic care in real-world healthcare settings. In this review, we discuss some approaches for assessing implementation and sustainability, and use one framework to review the recent teledermatology literature.
Implementation Research
Few studies fully assess all aspects of teledermatology programs to understand the process of integrating teledermatology into a healthcare system. Integration requires multiple steps to engage the range of stakeholders, including leadership, staff members, and populations served. Stakeholders must see value in teledermatology, have access to and know how to use relevant tools and procedures, and have confidence in their ability to participate in teledermatology. Providers must fit teledermatology into their everyday workflow and be sufficiently reimbursed for their efforts. Additional considerations include the regulatory environment and legal issues that may impact the growth and continuity of teledermatology programs.
Implementation science offers frameworks for understanding the strategies used to integrate teledermatology within healthcare systems; it can also be used to evaluate the integration itself. It provides methodologies and tools to measure whether and why an intervention is effective, providing information about the entire process of planning, deployment, adoption, maturation, and sustainment [5-7, 8•] . Assessment can include the identification of barriers and facilitators to practicing teledermatology, as well as an examination of the setting in which it takes place. Implementation science can facilitate greater understanding of how to successfully integrate and sustain teledermatology in healthcare systems, and why teledermatology programs fail [9] .
One useful paradigm for considering interventions in healthcare organizations is the Organizational Theory of Implementation Effectiveness (OTIE), adapted by Weiner and colleagues from work by Klein and Sorra [10] [11] [12] [13] [14] [15] . OTIE posits that effective implementation, along with resulting intervention effectiveness and sustainability, is a function of five factors ( Fig. 1): (1) healthcare facilities' organizational readiness for change, which is a combination of a commitment to and efficacy of implementing teledermatology; (2) quality of the organization's implementation policies and practices; (3) climate for implementation; (4) extent to which intended users of the intervention (e.g., providers, patients) perceive that it fosters the fulfillment of their values; and (5) extent to which the innovation fits with task requirements. The organizational benefits of improved patient care, for example, depend on how well and how consistently intended users adopt the innovation. The sustainability of the intervention, which should also be considered, depends on innovation effectiveness, continued availability of resources, and ongoing investment of resources in implementation practices (e.g., training, communication systems).
Many implementation frameworks have been developed for planning and research, some with underlying theories (see for example Tabak 2012 who reviewed 62 dissemination and implementation science models) [16] . In addition to the OTIE, a few examples that are particularly relevant for the healthcare sector and that assess factors at multiple operational levels include (1) Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM, discussed below) [17] [18] [19] ; (2) Consolidated Framework for Implementation Research [20] ; (3) Theory of Diffusion of Innovations [21] ; (4) Precede-Proceed (derived from health behavior theory) [22] ; and (5) Ottawa Model of Research Use (used broadly in health including dermatology) [23] .
We use the Glasgow RE-AIM framework to organize the recent teledermatology literature into various implementation outcomes [17] [18] [19] (see Table 1 ). As a framework for understanding the implementation of a particular intervention, RE-AIM is valuable for several reasons. First, the framework is roughly aligned with the factors set out in the OTIE and thus facilitates connections between theory and practice. Second, it is readily translated into operational stages, recognizing the importance of examining both pre-implementation and sustainability measures to ensure that an effective teledermatology program is not only started but that changes are made to ensure it lasts. Third, this framework examines factors at the individual, organizational, and community level, and finally, the model is somewhat flexible, whereby the specific definitions of each dimension within the framework are broadly defined and thus can be modified to fit the particular aspects of teledermatology. RE-AIM has been used widely since its 1999 introduction [17] [18] [19] , though a 2013 review of 71 studies, which had used the RE-AIM framework, did not identify any teledermatology or telemedicine programs [24] . Since then, two evaluations have used the framework to evaluate telemedicine, one comparing programs at 4 diverse healthcare systems in the US and Canada and the other comparing a program in two different areas of Ontario, Canada [25, 26] . More recently, RE-AIM has been used by the VA as the standard framework to evaluate its rural health programs, including an enterprise-wide initiative in teledermatology [27] .
In this review, we summarize the teledermatology literature published during 2015-2018, focusing on original research rather than reviews or commentaries, and categorize them within the RE-AIM framework according to its five factors (Fig. 2) . We conducted a literature search using the PubMed database, searching with broad key words such as Teledermatology, Implementation, RE-AIM, and e-consult. For consideration, manuscripts were required to discuss at least one of the five RE-AIM dimensions, though specific reference to the RE-AIM framework was not required. Since a few studies discuss more than one factor, we sometimes discuss different findings from the same study in different sections of the RE-AIM framework. Rather than an exhaustive review for each area, we focus attention on the published work most relevant for implementation, emphasizing the importance of an implementation strategy when beginning a teledermatology program and the need to identify areas for further implementation research in the teledermatology field.
Reach
Reach refers to the extent to which stakeholders are affected. In the context of teledermatology, it can be the degree to which individuals are impacted, such as the number of patients who receive care via teledermatology or the number of instances of care. However, within a healthcare organization, reach can also include surrogate measures such as the number of participating clinics, the geographic area served, the number of providers trained, and other markers of teledermatology activity. Teledermatology programs often have ready access to these types of data and thus studies of reach in teledermatology are common.
There are many studies that have reported teledermatology activity worldwide. Mass teledermatology screening events, as a means of increasing reach, have been studied in France, for example, particularly targeting agricultural workers who would not have otherwise received dermatologic care [28] . In Spain, 43,677 patients received teledermatology services between 2004 and 2014 [29] . In Queensland, Australia, 318 teledermatology referrals were noted in 2014, nearly doubling since 2012 [30] ; and in the Netherlands, which has a more active program, 130,531 teledermatology consults were conducted between 2006 and 2015 [31] . In low-and moderate-income countries, particularly in remote areas, teledermatology has increased access, broadly defined as numbers of teledermatology encounters, as shown by studies in Afghanistan [32] , 12 sub-Saharan African countries [33] , and Mali [34] . Secure messaging as a vehicle for increasing teledermatology reach has been reported in Botswana [35] and Argentina [36] , while a common commercial file sharing resource has been used in Egypt [37] . In Brazil, teledermatology has expanded to cover the entire state of Catarina with 83,100 completed consults from January 2014 to June 2018 [38] . Some of these studies evaluated pilot programs and thus it will be important for follow-up studies to re-examine the reach of these programs as one measure of their success as they mature.
In the US, a 48% increase in the overall number of nongovernmental teledermatology programs occurred over 5 years since 2011 along with an increase in overall patient volume (with a range from 20 to 20,000 consults) [ During a 6-month period in 2012, one VA teledermatology program reported a 40% increase in requests for dermatologic services overall after store-and-forward teledermatology was introduced [40] . A rapid increase in access to dermatology was similarly observed amongst individuals in the US using Medicaid; following the introduction of teledermatology, the dermatology visit rate increased from 0.50 to 1.24 dermatology visits per 1000 enrollees [41] .
Teledermatology was largely introduced for rural Veterans in the VA; however, urban Veterans have now constituted the majority of patients served since 2012 [39 • ]. Teledermatology has also been introduced to increase access to dermatologic care amongst medically underserved urban populations in the US [42] and in resource-poor outpatient settings, with one study finding that at least 61% of referred patients would not have received dermatologic care without teledermatology [43] .
While studies typically identify the number of participants, they do not often examine the reach of a program over time. To more fully understand who is benefiting from a program, longitudinal data regarding both patients served and staff Fig. 1 Components of the Organizational Theory of Implementation Effectiveness (OTIE). Adapted from Weiner et al. [12] trained or participating in teledermatology programs will better facilitate improvements to programs and allow for a better understanding of where resources should be focused.
Effectiveness
Because a common motivation for implementing teledermatology is to improve patient access to expert dermatologic care, access has components of both reach and effectiveness and it is often difficult to separate these two types of outcomes. While effectiveness includes patient and provider satisfaction [44] [45] [46] , for our purposes, effectiveness is the ability of an intervention to change patient-centric outcomes such as reductions in distance traveled by patients, consult completion times, and improvements in actual and intermediate surrogate measures of patient health outcomes. We also discuss cost-effectiveness, which can affect not only patients but also healthcare organizations and payors.
Numerous studies have documented the diagnostic and management concordance of store-and-forward teledermatology with in-person consultations; recent studies have continued to confirm these conclusions [47] [48] [49] . Studies have also found high concordance with in-person care with the use of mobile technology in teledermatology [50] , particularly for skin cancer screening, though studies have found reduced image quality associated with mobile device cameras compared with conventional digital cameras [49] .
Teledermatology has been beneficial for triage by decreasing wait times [45] , no-shows, and face to face referrals for the general population [3••] and amongst medically underserved populations [51•] . In the VA, teledermatology decreased wait times from 60.6 to 10.3 days in one program, reduced noshows for in-person dermatology clinics in another, and [40, 52, 53] . Two under-examined effectiveness outcomes of teledermatology are the dermatologic skill level of primary care providers (PCPs) and quality of life. An increase in PCP skill level as a result of teledermatology has been reported, potentially leading to reductions in misdiagnosis by PCPs and faster treatment for patients locally, and is an area for active investigation in the future [54•] . Positive quality of life outcomes have also been associated with teledermatology, though additional research is needed to examine patients who solely receive teledermatology [55] .
While not typically considered a patient-centric outcome, cost is an important measure of teledermatology's effectiveness. When compared with in-person visits, store-and-forward teledermatology has largely been found to reduce costs for healthcare organizations, individuals, and society, regardless if the consult originates from a provider [56, 57] or a patient [45] . The definition of cost used in these analyses varies, defined, for example, as staff and technology costs [57] , costs of the visit [58] , pharmacy costs [45] , or more thoroughly as visit, pharmacy, travel, hospitalization, and loss of productivity costs [59•] . This last study, using a more comprehensive list of incurred costs, also used the time trade-off method to assess the utility and found no benefit to teledermatology. They also found no benefit if considering VA costs alone but found a benefit when considering the full societal costs [59•] . Lastly, the use of smart phones has been found to save PCPs time when compared with the use of a conventional digital camera, which can be equated to saving money for the provider or healthcare system [50] .
Direct-to-patient care is a growing area of teledermatology. Studies have found high concordance of direct-to-patient care with in-person care [60] . Research on the accuracy of mobile direct-to-patient teledermatology algorithms that enable the user to self-diagnose has noted the potential for inadequate diagnoses [61, 62•] , though it was found to be accurate in diagnosing and treating psoriasis [63] .
While much research has focused on various measures of effectiveness, a continuing need exists for further high-quality research assessing actual clinical outcomes of patients managed by both store-and-forward and live interactive teledermatology.
Adoption
Adoption refers broadly to the degree to which interventions such as teledermatology are used by end-users, including a consideration of the characteristics of the setting. In this section, we discuss the extent to which models developed for national and small-scale programs address aspects of the three implementation phases: pre-implementation, implementation, and sustainability to understand the participation and representativeness of users. The Stages of Implementation Completion (SIC), which was developed to track time to achievement, facilitates this examination because it divides these phases into eight stages: pre-implementation (1-stakeholder engagement; 2-feasibility consideration; 3-readiness planning), implementation (4-staff trained, 5-monitoring set up, 6-activities started, 7-monitoring feedback incorporated), and sustainability (8-competency achieved) [64, 65] .
In South Africa, a model to scale a teledermatology program nationally specified a multitude of activities to address all three implementation phases [66] . We highlight their preimplementation phase, which identified the need for communication strategies and understanding the national and provincial government operational objectives and budget thereby recognizing the need to engage stakeholders, understand feasibility, and identify South Africa's readiness. A partnered project between the US and Belize entities similarly identified the importance of communication by establishing a system to share information, utilizing the expertise of each partner [67•] ; thereby developing the readiness of partners. Conducting a local assessment is a valuable way to engage stakeholders in the pre-implementation phase to understand the needs and feasibility of a program [68] . The Belize partnered program gained support as a result of their assessment because it was found to be mutually beneficial [67• ]. An assessment also provides information about the current system, including costs and the availability of resources. The involvement of the community and local partners recognizes the value of collaboration, which is critical for ensuring a successful sustainable program, particularly when programs involve high-and low/moderate-income countries [69] .
The importance of understanding the administrative landscape, such as the creation of guidelines that outline agreed upon protocols and standards for initial and follow-up procedures, is not prescriptively outlined in RE-AIM, since it is broad in scope [17] [18] [19] . However, the lack of standards and guidelines is a common barrier to program adoption (see also the "Implementation Research" section). It is notable that both the American Telemedicine Association (ATA) [70] and the American Academy of Dermatology (AAD) both published teledermatology practice standards and guidelines in 2016. While both guidelines share common elements, the AAD guidelines emphasize preservation of the choice of conventional inperson care, encourage continuity of the patient-physician relationship, and are more proscriptive concerning direct-to-patient teledermatology [71] , whereas the ATA guidelines focus on promoting successful elements of all teledermatology practices [70] .
Related to guidelines, there is a need to understand the legal and regulatory setting. For example, South Africa's National Health Normative Standards for Interoperability and eHealth Governance were considered in implementing its teledermatology program [66] . Similarly, preconditions needed to start a teledermatology program, include the importance of understanding legal/licensure and ethical issues, as governments (e.g., countries, states, provinces) and organizational subunits may differ in how they regulate interactions when patient and consultants are located in different jurisdictions [31] . For example, in the US, providing teledermatology across state lines often requires additional licensure requirements [72] , increasing costs of teledermatology for these organizations and/or private clinics. VA recently addressed this issue by developing regulations and a new law to allow VA healthcare providers to practice telehealth across state boundaries [73, 74] .
During the implementation phase, one of the key stages is to consider staffing and training concerns. At this time, one may find value in using the technology acceptance model (TAM) [75, 76] to ascertain which factors drive the provider's intention to participate fully in teledermatology and to encourage high participation rates.
An adoption model developed as part of the Momentum project to facilitate a standardized national system for telemedicine in Europe identified 18 critical factors that incorporate aspects of the RE-AIM framework [77] . By including a toolkit for staff at various levels to assess institutional performance, including cultural readiness, the model recognizes the importance of assessing both an individual's and an organization's readiness to change. Both are important determinants of effecting organizational change according to the theory of organizational readiness for change [78] .
In sum, while theoretical models for adoption exist that can be adapted to teledermatology implementation, much additional empirical data to test these models is still needed. Future programs should consider including a rigorous monitoring component to enable future research to better ascertain adherence to protocols and standards and to identify improvements.
Implementation
Implementation refers to the ability to operate programs as planned. When monitoring a program during its implementation phase, one gains an understanding of how it is being delivered by identifying barriers and facilitators. For example, identifying the lack of an implementation strategy as a barrier could lead to a more successful teledermatology program. Without clear goals and processes, the implementation phase is likely to fail.
It is also important that an implementation strategy include a communication strategy, which amongst other things facilitates an understanding of individual and institutional readiness for change. A lack of communication and coordination between referring providers and dermatologists has emerged as an implementation barrier for teledermatology programs [27, 62•, 79, 80] . In a chart review of 187 e-consults at the Mayo Clinic in the US, 10% of recommendations were not completed. Though none of these consults were for dermatology [81] , the finding illustrates a very basic communication problem in the teledermatology process itself. Communication facilitates an understanding of the perspectives of patients, healthcare professionals, policy makers, insurers, and the organizations themselves. For example, an examination of eHealth in primary health care serving a variety of specialities, including dermatology, found that understanding the perspectives of each of these groups, enabled eHealth to be effective and continue to thrive [82] . The importance of understanding the providers' perspectives was also shown in a study of emergency department providers, where only 12% of providers stated that teledermatology can effectively replace inperson consultations [83] , suggesting the importance of early education during implementation.
Concerns regarding privacy and security exist regarding how histories and images are sent, and if programs obtain patient consent [79, 84, 85] . These concerns are particularly relevant with the increased use of mobile phones [86] and direct-to-patient care [87] . Networking platforms for consultative purposes in particular such as Telederm.org, Sermo, and Facebook raise concerns regarding patient privacy, confidentiality, and the security of data [68] .
Although a variety of different business models exist for reimbursement, resources are still not always secure and act as a barrier to expansion and sustainment. In the US, while some states have passed laws to mandate that reimbursement for inperson care is the same as telemedicine, procedures are more highly reimbursed by insurance and thus the fee for service model actually has a disincentive to adopt teledermatology [88] .
Pharmacy restrictions act as an additional barrier in underserved populations as evidenced in an urban area in the US [42] and in Belize [67•] , as does limited access to labs and an underdeveloped infrastructure, which is often the experience in remote areas [89] . Another barrier, especially for remote areas, is inaccessibility to the Internet and poor connection quality, since mobile devices are being used more readily as a tool to provide access in these areas throughout the world [34, 68] .
The creation of a virtual office as a new practice setting is seen as a new facilitator for growth in direct-to-patient care [2••] but this type of care can also experience operational inefficiencies. For example, in commercial systems, often there is little to no integration with the patient's official medical record [62•, 90] . Addressing this inefficiency not only saved dermatologists time but also reduced the time to diagnosis and treatment from 23 days to 16 h in one program [91] .
Finally, inadequate follow-up is a barrier to implementation of quality teledermatology [42] . A teledermatology program in 12 countries in sub-Saharan Africa with purposefully limited guidelines and simple record keeping requirements led to wide variability in clinical histories and an inability to track returning patients [33] . In the US, a study of the teledermatology program at the Atlanta VA found that providers only followed up 40.8% of recommendations for reassuring patients and 24.6% of recommendations for prescribing medications [92] .
In sum, monitoring programs are essential to fully optimize teledermatology implementation and understand its value and usage. Monitoring can identify key barriers and facilitators, which can vary depending on the program, providing feedback so that programs can adjust to new challenges and thereby ensure sustainment [67• ]. An area for future research is to understand in greater detail strategies to implement teledermatology and the role and costs of various stages as identified in SIC in expanding or limiting teledermatology.
Maintenance
Maintenance refers to sustainment of teledermatology programs over time. Funding is a critical limiting factor for teledermatology programs [30, 42, 93] . Short-term grant funding rarely sustains programs but diverse sources of funding, including fee for service, generally alleviate funding difficulties to maintain programs. Nevertheless, effective strategies for long-term funding still face challenges: for example, the national program in the Netherlands reported challenges with securing reimbursement [31] . Lack of funding impacts small-and large-scale programs alike.
In addition to the importance of securing funding, a more recent assessment of telemedicine in the Netherlands highlighted a few additional key components to sustaining programs such as the importance of program responsivity, which included creating efficient workflows and supporting providers to manage the program by ensuring adequate staffing and the availability of appropriate technology. It also stressed the importance of support from leadership, specifically government support for innovation [82] .
Training of primary care providers is an important component to sustaining successful programs as evidenced in Belize [67•] , in Australia with remote practitioners [94] , and within the Atlanta VA with PCPs at community-based outpatient clinics [92] . Innovative programs using smartphones have served to both train local providers as well as provide effective healthcare delivery, using a medical student proxy in Uganda and Guatemala [95] , and in a remote area of Columbia, using an app [96] .
By incorporating teledermatology training into residency programs, not only does access to dermatology increase but also residents' knowledge acquisition increases. In the US, VA is prominently represented as a teledermatology training venue for residency programs. At one VA facility, resident involvement in teledermatology led to an increase in knowledge of four of the core Accreditation Council for Graduate Medical Education (ACGME) competences: patient care, medical knowledge, practice-based learning and improvement, and systems-based practice [97] . Dermatology residents can also gain experience in diagnosis and management of skin diseases in unfamiliar resource-limited settings through a virtual grand rounds curriculum thereby introducing socioeconomic, cultural, and ethical considerations related to skin health [98] . However, impediments to incorporating teledermatology into dermatology residency programs exist, including reimbursement issues, an inability to adequately evaluate lesions, and insufficient time [99] .
In summary, maintenance is a critical component of teledermatology implementation but is relatively underrepresented in the literature. This may change in the future as teledermatology continues to mature. It will be important to learn about both successful and discontinued programs, including the economic, organizational factors associated with each (see Mancini & Marek for a tool to assess sustainability [100] ). Studies on effective training methods are equally important to ensure the next generation of dermatologists practices teledermatology responsibly and effectively.
Conclusion
Many studies in the existing literature report on one dimension of the RE-AIM framework. While each dimension is important, the dimensions are interdependent. Future investigations should systematically examine as many of the different dimensions included in the RE-AIM framework as possible to ensure a comprehensive understanding of teledermatology implementation. Additional studies focused on documenting the implementation and, equally important, the sustainment of teledermatology programs are needed to ensure that the benefits of teledermatology are fully realized. Table 1 provides a summary of the RE-AIM properties, their description and possible outcomes for teledermatology as discussed in this article.
